Abstract: Collected from Chinese mainland, 25 samples of Toona sinensis seed were planted in a standard garden. Three years later, samples were analyzed with random amplified polymorphic DNA (RAPD) and isoenzymes variants of cytochrome oxidase and peroxidases. Results of RAPD and isoenzymes variants were analyzed with software POPGENE32 and SPSS10.0 respectively. Phylogenetic trees were calculated from the clustered result of RAPD and isoenzymes variants. Such additional factors as leaves color, latitude and altitude of original seeds were analyzed at the same time. Our result suggested that a general similarity is concurred with the three analyses as RAPD, isoenzymes variants analysis of peroxidases and cytochrome oxidase. Two clusters can be separated from the sample collected as southern and northern ones. In the evolutionary history, a migrating route in the direction from West-South to East-North and with sequential differentiation in the direction SouthNorth can be decided if only it is true with the argument that Toona sinensis came from tropic Asia, the border of east-north India and Burma.
Introduction
Under the family of Meliacceae, Toona sinensis (A. Juss.) M. Roem. is widely distributed in China where it is commonly known as Chinese mahogany (Chuen tien shu) (Edmonds & Staniforth 1998) . Beyond scientific name, the synonym of Toona sinensis is Ailanthus flavescens Carr. in Latin.
A variety of beneficial compounds, such as triterpenes, phenolic (Edmonds & Staniforth 1998) , flavonoids, anthraquinones (Luo et al. 2001) , kaempferol, quercitin, rutin, catechin, epicatechin, linoleic acid, β-sitosteryl-glucoside (Tsai et al. 2001) , o-coumaric acid, kaempferol, quercetin, afzelin, isoquercitrin and rutin (Park et al. 1994) , have been isolated and identified from Toona sinensis. A method based on capillary zone electrophoresis with electrochemical detection has been employed for the separation and determination of epicatechin, scopoletin, quercetin and gallic acid in Toona sinensis leaves .
Studies showed that the leaf extracts of Toona sinensis have many functions as ovarian cancer cells proliferation suppression (Chang et al. 2006) , antiinflammatory, analgesic actions and boil growth inhibition (Park et al. 1993) , DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging activities and lipid peroxidation inhibition (Cho et al. 2003) , antioxidant activity , apoptosis induction of cancer cells (Chang et al. 2002) .
The fresh young leaves and shoots, known as Chinese toon and a tree vegetable, is one of the most popular vegetables in China. Generally, Toona sinensis are sorted as two clusters: purple and green. In Asia, the former cluster's leaves and young shoots is served as edible vegetable for its color, savory, fragrant and sapor, whereas the latter for timbering and forestation.
However, the number of chromosome is still not confirmed with Toona sinensis, 2n = 52 was reported by Wu (1984) , whereas 2n = 56 by Guo (1993) . Intraspecies systematic study suggests that there are two variant, var. schensiana C.DC. and var. carmesiniacylon D.C.w. There is no one certain classification with Toona sinensis until recently although once some hypotheses were argued based on botany morphologic taxonomy. Traditional morphological indexes were complicated with many factors as environment, the subjectivity of appraiser and the variance of secondary metabolism.
Studies of the spatial distribution of genetic variation within and between populations, or population genetic structure, can greatly facilitate our understanding of speciation, adaptation and population dynamics. The population genetic structure of a species depends on its evolutionary history, population history and the level of environmental heterogeneity (Boody et al. 2000) . Knowledge of the population genetic structure of a species is essential to make a valid biological interpretation about its breeding system, reproductive biology and evolutionary history (Martin et al. 1997; Bussell 1999) . Conducting molecular level investigation on Toona sinensis is important not only for understanding ecological and genetic consequences of this immigrating plant, but also for the design and implementation of management strategies. Served as the rapid method for screening and determining variants at DNA level, random amplified polymorphic DNA (RAPD) markers have been widely applied in population genetics (Lynch & Milligan 1994; Wolfe & Liston 1998) . Without the necessity of any prior information about target sequence on the genome, PCR-based RAPD have been widely used to survey population genetic structure (Williams et al. 1990) .
Cytochrome oxidase and peroxidases are key metabolism enzymes of all living organisms. Just for the reason, isoenzymic variants of cytochrome oxidase and peroxidases have been widely used for a comprehensive evolutionary analysis. Having been successfully used in several crop improvement programs (Baes & Van 1993) , isoenzymes have proven to be reliable genetic markers in breeding and genetic studies of plant species (Daniels & Roach 1987) , due to consistency in their expression, irrespective of environmental factors.
In this study, we analyzed the genetic diversity of Toona sinensis with RAPD and two isozyme markers, cytochrome oxidase and peroxidases. The genetic diversity was interpreted in the context of morphological characteristics. Such parameters as altitude and latitude of samples were considered at the same time. The evolution of Toona sinensis was clarified for the management of this genetic resource.
Material and methods

Samples collection and culture
Twenty-five natural samples of Toona sinensis seed were selectively got from 16 provinces of China. All operation fulfilled seeds physiological and environmental requirements during the process according to relative guides. Selectively, samples were cultured in the laboratory and planted in the garden of Tianjin University of Science and Technology. Young leaves of each sample were selected, collected aseptically in sterile poly-bags kept in an ice-box. The colors of the leaves were recorded before the leaves cut off from individuals. Number 1 to 5 were used to show the degree of leaves color, 1 for green, 5 for purple, 3 for the intermediate color (Table 1) .
DNA extraction
Genomic DNA was extracted using the method by Kang & Yang (2004) with minor modifications. About 0.6 cm 2 of fresh plant leaves were put in a 1.5 mL microfuge tube. Through a plastic pestle, the leaf tissue was homogenized in 50 µL DNA extraction buffer (500 mM NaCl, 100 mM Tris-HCl, 50 mM EDTA, pH 7.5) for 15-20 s with a handoperated homogenizer (Sigma). After an initial homogenization, another 150 µL of DNA extraction buffer were added and homogenized with the same homogenizer for 15-20 s. Then, 20 µL of 20% SDS were added, vortexed for 30 s. Samples were incubated at 65
• C, 10 min for cell lysis. To remove RNA, 1.25 µL of RNase (20 mg/mL) were added and the mixture incubated for 0.5 hour. Then, DNA extraction protocols were used for DNA purification: an equal volume of phenol/chloroform/isoamyl alcohol (25:24:1) was added to the samples, vortexed for 30 s, and then centrifuged at 10,000 g for 3 min at 4
• C. The supernatant was diluted 5 fold with ddH2O, and 1 µL of the supernatant was used as the DNA template for PCR analysis.
RAPD-PCR
RAPD reaction mixtures in 20 mM Tris-HCl (pH 8.0), 50 mM KCl, 0.1% Triton X-100, 1.5 mM MgCl2 contained 2.8 units/mL DNA polymerase (Taq DNA polymerase, Promega, China); 100 mM dNTP mix; 0.2 mM primer (Shanghai Sangon, 0.5 µM); and 500ng total DNA in a final volume of 30 µL, respectively. Controls were made by replacing DNA with water. Reaction mixture was centrifuged for 2 min at 2×10 3 g. RAPD primer trial was carried out with 120 primers from Shanghai Sangon Biological Engineering Technology and Services, Co. Ltd. As a result, 5 primers were selected and used for the present study judged from the highest number of clear, reproducible and unambiguous polymorphic bands which reveal both intra-and inter-population variations. Amplification of Toona sinensis genomic DNA was performed in a PCR system (9700, Beijing Gumet) programmed for 5 min at 95 • C until the next process. The PCR products were resolved on a 1.5% (w/v) agarose gel in 1×TAE buffer (40 mM Tris base, 20 mM sodium acetate, 1.8 mM EDTA, pH adjusted to 7.8 with glacial acetic acid) for 3 h at 40 V. Once completed, the gels were stained in 1 µg/mL ethidium bromide for 15 min and destained in double distilled water for the same span time. Following the staining procedure, the gels were photographed under UV light (312 nm) with digital camera (Olympus FE-230).
The isoenzymes variants analysis of cytochrome oxidase Twenty-five samples (young shoots or leaves) were washed with tap water, swashed with distilled water, dried with blotting paper and weighed. A double volume of distilled water adding into samples (1 g samples with 2 mL distilled water). After coarse filtration, filtrations were centrifuged at the speed of 15,000 rpm with high-speed refrigerated centrifuge (GL-18M) for 20-25 min. The same volume 400 g/L sucrose solution and 3-6 drips 30 g/L bromophenol blue indicator were added into the supernatant. Fluids were preserved in the refrigerator for the next experiments.
Polyacrylamide gel electrophoresis with vertical plate: 7% separating gel was prepared as following: gels storage liquids (30% acrylamide -0.8% N,N,-methylene bisacrylamide) 6.3 mL and 1M Tris-HCl buffer (Tris 18.15 g, 1M HCl 24 mL and TEMED 0.23 mL, diluted with ddH2O to 50 mL, pH 8.9) 6.2 mL, ddH2O 11.3 mL and 0.15% ammonium persulfate 6.2 mL were quantified one by one. Gels were carefully poured into gel columns, and were covered with a layer of ddH2O. Systems were accumulated at the temperature of 25-30
• C for 1 h. Three-percent stacking gel were prepared as follows: gels storage liquids (20% acrylamide, 5% N,N,-methylene bisacrylamide) 2.8 mL, 1M Tris-HCl buffer (1M phosphoric acid 25.6 mL, Tris 5.7 g and TEMED 0.46 mL, diluted with ddH2O to 100 mL, instant prepared) 1.4 mL, ddH2O 5.5 mL and 0.004% riboflavin 0.3 mL with mixture.
Separating and stacking gel were poured into vertical slab electrophoresis tank. Fifty µL extracted sample liquids were added into each slots with manual transferpette L522261 (Westingarea M & E Systems Co. Limited) respectively. Power was supplied in 120 V for 30 min and the voltage was up-regulated to 400 V when the samples entered into separation gel. Constant voltage was kept until 1 cm span from bromophenol blue strip to the end of the gel. Plate was removed and clearly washed with ionized water, dyed with solution: one share dilution of 1% dimethylp-phenylenediamine and 1% α-naphthol (diluted with 40% ethanol), twenty-five shares 0.1 M phosphate buffer (pH 7.4) at constant temperature 37
• C for 10 min, until celeste strips emerged. Gels were washed and pictured for the furhter analysis.
The isoenzymes variants analysis of peroxidases For each sample, 2 g of Toona sinensis young leaves were smashed with scissors. Three mL deionized water was added, then with 20% (w/v) sucrose solution. Samples were ground into homogenation in ice bath. After coarse filtration, filtrate was centrifuged for 15 min, 4,000 rpm at low temperature. Supernatant was separated, and prepared for the next procedures with equal volume of 1 M glycerol.
Polyacrylamide gel electrophoresis in the vertical plate: separating gel was prepared as follows: gels storage liquids (30% acrylamide -0.8% N,N,-methylene bisacrylamide) 6.8 mL and 1M Tris-HCl buffer (pH 8.8) 22.4 mL in filtering flask. Filtering flask decompressed with pumping so as to remove bubble of them. Added TEMED 40 µL and 1% ammonium persulfate 0.8 mL. Gels were carefully added into gel column, and covered with a layer of ddH2O. The system was accumulated at the temperature of 25-30
• C for 1 h. Stacking gels were prepared as follows: gels storage liquids (30% acrylamide -0.8% N,N,-methylene bisacrylamide) 1.0 mL, 1M Tris-HCl buffer (pH 6.8) 1.0 mL and ddH2O 7.7 mL in filtering flask. Filtering flask decompressed with pumping so as to remove bubble of them. Forty µL TEMED and 1% ammonium persulfate 0.8 mL were added and mixed with them. ddH2O 11.3 mL and 0.15% ammonium persulfate 6.2 mL were quantify one by one. Gel was carefully poured into gel column, and was covered with a layer of ddH2O. The system was accumulated at the temperature of 25-30
Separating and stacking gel were poured into vertical slab electrophoresis tank. Fifty µL extracted sample liquids were added into each slots with manual transferpette L522261 (Westingarea M & E Systems Co. Limited) respectively. Tris-Gly was selected as electrode buffer (pH 8.3) and bromophenol blue as indicator. Sixty µL sample extracted liquids were added into slots after 3 min, 10 V/cm of preelectrify for the electrophoresis system. Electrophoresis was operated with the temperature of −4
• C. Constant voltages were set with 250 V until indicator frontiers close to the terminal line (about 3 h). The gels were extracted to dye with acetate benzidine, and washed with tap water. Pictures were taken two days later, and the plates were dried for longer conservation.
Data analysis
Gel electrophoresis photographs of DNA and isoenzymes were taken with digital camera (Olympus FE-230). The relative position of loading well and indicator frontiers were carefully recorded and all creditable gel electrophoresis results were incorporated together with software Photoshop 8.0 (Figs 1,2 and 3 presence or absence of each DNA band on the photographed agarose gels. A 25 (OTU, operational taxonomic unit) × 18 (unit characters number of bands) data matrix was constructed. When a band was present, it was scored as 1, and when absent it was scored as 0. As to RAPD, cluster analysis of the similarity index and dendrogram was then constructed with UPGMA (Unweighted Pair-Group Arithmetic Average Clustering) (Sneath & Sokal 1973 ) through software POPGENE32 (Francis et al. 2001) . Gel electrophoresis results of isoenzymes were analyzed by software SPSS10.0. Similarity coefficient was used to calculate genetic identity (Nei 1972) .
Results
Leaf color, longitude and latitude
The degree of Toona sinensis gender shoots color are scored as from 1 to 5; 1 for green, 5 for purple, 3 for the intermediate color ( Fig. 1-I) . Compared with longitude and latitude, the scored color of variant samples is illustrated in Figure 1 -II. Thus, the quality of obtained DNA is high enough for the next test.
DNA extraction
RAPD-PCR
Depending on the combination of band definition and diversity, 5 primers of 120 primers were well amplified relatively, with DNA segments between 4 and 16, ranging from 200 to 3,200 bp in size. The negative control tubes (in which the genomic DNA was replaced with double distilled water) did not show any DNA amplification. When the experiments were replicated, the number and location of all bands were found to be minor variants with bands visible. Fifty-four scorable bands were yielded with total 5 primers, average 10.8 bands per primer, 50 polymorphic bands of which. The number of bands from each primer ranged from 6 to 16 fragments. However, primer S40 in particular produced a larger number (16) of stronger amplified fragments relatively, whereas primers S6 produced the lower number (6) of applicants. The highest percentage of polymorphism (100.00%) was recorded with primer S40, whereas primer AO1 gave the lowest percentage (72.73%) of polymorphic bands (Table 2) .
Agarose gel electrophoresis of RAPD fragments generated by primer S40 are illustrated in Figure 1 III. Similarity indices analyzed (POPGENE, set simulated population as 1,000) with the electrophoresis result showed that there is a relatively larger diversity within Toona sinensis throughout Chinese mainland. Genetic distances among them varied from 1.15 (between JINGGANGSHAN and BAODING) to 0 (between JIUJIANG and NANTONG). The average genetic distances of the samples population is 0.48 (genetic distances matrix is omitted).
Phenogram was obtained with RAPD analysis (Fig. 1-V) . In the dendrogram, the population of Toona sinensis can be generally classified as two clusters. At the same time, much diversity is shown between the two clusters. In one cluster, much of the samples come from southern and central China, whereas much of the northern samples are shown with the other cluster.
The isoenzymes variants analysis of cytochrome oxidase Bands were observed from the stained gels. Seven diverse variants were observed with isoenzymes of cytochrome oxidase, total 98 bands of the result, i.e. 3.77 bands per sample of them. The band number of samples ranged from three to seven. No one band is broaded to all of the samples. A high hereditary diversity of with Toona sinensis could be concluded from the result of cytochrome oxidase isoenzymes variants. Based on isoenzymes cytochrome oxidase, Toona sinensis kindred were calculated with SPSS10.0 (Fig. 2) .
The isoenzymes variants analysis of peroxidases Nine isoenzymes variants were observed with isoenzymes of peroxidases, total 117 bands, i.e. 4.50 bands per sample of them. The band number of each sample ranged from three to seven. No one band was broaded to all of the samples. Polymorphism of Toona sinensis can be scored from the content of the intensely stained bands. The electrophoretic banding patterns consisted of multiple bands of unequal intensities. A dendrogram (Fig. 3) depicting the relationship from the samples was constructed with the neighbor-joining phylogram of SPSS10.0.
Discussion
Population genetic structures are usually affected by a number of evolutionary factors including breeding system, genetic drift, population age and size, environmental heterogeneity, seed dispersal, as well as natural selection (Hamrick & Godt 1990) .
As to RAPD, a relatively small number of RAPD primers were selected from their initial RAPD primer screens. It eventually lies in the relatively complex secondary products in the reaction system. From the RAPD result shown above, we may assume that there is a large genetic diversity at the DNA level characteristics with Toona sinensis in Chinese mainland. A general similarity is concurred with the analyses of RAPD, isoenzymes variants of peroxidases and cytochrome oxidase. It is clear that the diversity shown by peroxidases isoenzymes variants is in a further extent compared with the polyacrylamide gel electrophoresis above. Two clusters can be separated from the sample we collected. As the aspect of geography, relationships are complicated with the diversity between the difference and longitude and latitude. The longitude difference relatively is clearer than that of latitude. In the point of longitude difference, Toona sinensis can be classified as two clusters as southern and northern relatively.
Varieties existing with Toona sinensis among the samples can be concluded from the certitude difference with isoenzymes analysis (Lu et al. 2001) . A good consistence was shown between the argument with our research. However, the difference between the samples disaccord each other. It is no doubt in the level of genus withToona sinensis taxonomy. However, the determinable classification with Toona sinensis in the level of species cannot be well decided until now. A more unknown relationship can exist with the classification of Toona sinensis. A more systemic and accurate study in the level of molecule is dispensable to deal with the problem.
In the theory of Chinese traditional folk, with regard to Toona sinensis, there is less pigment with timber ones, of which gentle leaves is green, whereas there is relatively more pigment with both edible and remedy remedial ones. As we know, different content of flavonoids is dutiful for the color diversity. From the research above, there is no distinct relationship between the distributions and leaves colors of Toona sinensis. In general, natural samples of southern are darker than those of northern, the southern ones are more suitable to use as food and remedies than the northern ones; correspondingly, the northern ones are more becoming to use as timbers than the southern. However, the conclusion is complex within interspaces. As we know, the color of leaves is correlated with such secondary metabolism products as pigments. Secondary metabolism products are mostly depended on the plant living environment, but not just determined by their inherit characters. Such result brought a general guidance for future Toona sinensis breeding.
With regard to the relationship of altitude and the color of gender leaves, there was no distinctive correlation between the color of gender leaves and the altitude of samples. However, samples from high latitude have near relatives, and most samples from low latitude congregate together in dendrogram. Of them, LUOYANG has a distinctive character. One hypothesis to explain this phenomenon is that the samples of LUOYANG maybe come from Southern China or from North-East China once for an unknown reason. Based on the hypotheses, the correlation between leaves color and the altitude is result from the combinative action of natural selection and adaptation. Moreover, among the three dendrograms, it is expressed inconsistent for many area samples analysis result. For example, DAMING, BAODING and NANTONG clustered tightly in Figure 2 , but they are quite genetically dissimilar based on the RAPD analysis in Figure 1 . The phenomenon reflects a germplasm resources diversity of Toona sinensis from DNA to protein.
Many reasons can be responsible for the complicacy of the intersect district, such as geographic transformation, natural selectivity, species competition, even a district calamity during the species floating. With the unique samples of LUOYANG, a hint can be illustrated that a complicated transfer (such as fore-and-aft and up-and-down for many times) had been occurred withToona sinensis of such area in its history. Generally, it is relatively clear with the general evolution tract.
Conclusion
Based on the above analysis, it can be concluded that difference exists between northern and southern sam- ples, whereas a complex status among the intermediate area (Northern-China). In the long-run evolutionary history, a migrating route in the direction from WestSouth to East-North and with sequential differentiation in the direction South-North (Fig. 4) can be decided if only it is true with the argument that Toona sinensis came from tropic Asia, the border of east-north India and Burma (Lu et al. 1990 ).
